Abstract--Since the 1970s, marketing and innovation management communities have been investigating how to incorporate customer-desired functions into new product and service designs. These wide-ranging enquiries have shed light on the impact of lead-user engagement in new product development, demonstrated ways to examine service production and delivery, such as the use of 'line of visibility' in service blueprints and the modeling of 'service encounters', and have created new terms such as 'value co-creation'. Despite these efforts, recent reviews have identified the lack of an holistic approach to new product-service system (PSS) development. This deficiency needs to be rectified, especially for complex PSS developments in regulated industries such as healthcare, as often there are multiple stakeholders posing conflicting priorities to the development team. This paper describes a PSS characterization approach that supports the early-stage new PSS development process. The approach is generated from eleven healthcare case studies, involving twenty-five new products, services and PSSs. Following the methodology of action research, further cases are selected for the application of the approach to a new product, service or PSS concept in facilitated workshops. Initial implications of employing this approach in three cases are discussed in this paper.
I. INTRODUCTION
The aging population is an unprecedented, enduring, and pervasive global phenomenon, affecting economic, social, and political aspects of life [43] . One outcome is that the healthcare industry is facing a growing demand for new medical technologies from healthcare service providers, another outcome is that the government has reduced their health spend [44] . There have also been studies and debates about preventive care as a potential remedy, and how preventive care can be implemented at a national level through policy and technology [e.g. 4, 13, 22] . Healthcare equipment manufacturers and service providers may be able to help by developing and delivering suitable products and services that are valued by customers. In this paper, 'healthcare' industry refers to the healthcare equipment, device and software, healthcare professional services, and physical and mental fitness services, while 'manufacturers' refers to both manufacturing companies and service providers.
The healthcare industry involves multiple stakeholders who often have conflicting interests. Manufacturers often have to innovate in a constrained environment: governed by multiple regulations, laws, and quality standards, and impacted or confined by existing infrastructure and established work procedures of the customer or end-user environment. Given the increased interest in healthcare service effectiveness, how healthcare manufacturers develop new products and services is an important area for investigation, especially at the early stage of the development process where a large proportion of the product-service system (PSS) life-cycle cost is not yet committed [41] .
Set against this context, this research is being undertaken to explore how healthcare PSSs can be characterized by contextual factors for the early stage of the new PSS development (NPSSD) process, and what the impact of this characterization is on the definition of the new PSS.
This paper describes the PSS characterization approach that has been developed to support the early stage new PSS development process. Its application to three healthcare PSSs, and the implications on the NPSSD and PSS definitions, are also discussed. A brief overview of the methodology is presented in Section II, which is then followed by a literature review in Section III. Section IV describes the PSS characterization approach, and Section V gives a description of the setting of the workshops for testing the PSS characterization approach. Section VI discusses the findings, Section VII concludes the paper, and Section VIII discusses the limitations of the findings.
II. RESEARCH METHODOLOGY
This research intends to contribute novel theories in PSS characterization for the early stage of the NPSSD process. There are two phases in this research: the first explores how to characterize PSS in a way that is useful for the early stage of the NPSSD process; the second builds a repeatable process to characterize PSS and explore the implications of the method on the PSS definition.
In the first phase, a case study research methodology has been selected. The unit of analysis is a new product, service, or PSS under development. The reasons for selecting a multiple-case/single unit of analysis design [54] are: (1) building theory from cases is more likely to generate a testable and empirically valid novel theory [15] ; (2) the boundary of the phenomenon of interest, the significant contextual factors of a PSS when it is in-use and how they impact a new PSS definition, is unclear [54] .
A conceptual framework with potential variables developed from literature review has been revised after 25 pilot interviews involving four cases and 13 stakeholder groups. The use of potential variables minimizes bias and limitations from prior theoretical perspectives [15] . Data collection and analysis are designed to be overlapping to allow changes of data collection instrument if found to be necessary upon reflection [15] . The degrees of data and process connectivity have emerged as the case selection criteria upon preliminary data analysis. Eleven cases involving 25 commercial offerings have been completed. From the data analysis of the first phase, a systematic approach to characterizing PSS has been developed.
In the second phase, action research [42] has been selected as the method to build, test and refine the PSS characterization approach to support the early stage of the NPSSD process. Action research was selected because it develops knowledge through application, collaborating with people (company employees) who have a personal interest in the result [8] . New PSS ideas or concepts are the subject of analysis for the PSS characterization approach, using a facilitated workshop approach with selected new PSS development team members. Both healthcare and nonhealthcare new PSS ideas have been targeted to investigate how the approach works in different contexts. The workshops have been facilitated by the same researcher for consistency of approach, reflecting and learning during each test cycle [12] , until the method reaches a stabilized form. The number of workshops was not fixed in advance, as the objective was to reach procedural stability [34] . To ensure validity of the findings from the workshops, the research process of preparing and conducting the workshops, the setting of the workshops, the context of the participating companies and individuals, and the assumptions about the participants and the facilitator were documented [12, 14] .
Three assessment criteria on the PSS characterization approach have been adapted from the evaluation of manufacturing strategy formation process proposed by Platts [42] : feasibility, usability, and utility. Feasibility concerns the degree to which the process laid out for the workshop participants can be followed. Observations on how well the participants comprehend the process, the types of questions asked during each step, and how much guidance the facilitator needed to provide to the participants, were made. Usability relates to the ease of following the approach. Observations on whether the facilitator or participants encountered any problem at each stage of the approach, and how each step within the approach could be refined or improved, were noted. Utility focuses on whether the approach achieved its intended benefits for the participants. Reflection from the discussions on participants' experience of the approach, and the comments collected through feedback forms contribute to the assessment of the utility of the approach. The implications of the PSS characterization approach on the PSS definition result directly from the reflection on the discussions regarding utility.
To minimize the possible adverse impact of the newly developed PSS characterization approach on a NPSSD project, and to best prepare the approach to be tested in company settings, the first workshop analyzed an existing PSS that has been launched within the last two years, instead of a new to-be-developed PSS. Three cases in the healthcare industry, including the initial post-launch case, are discussed in this paper.
III. LITERATURE REVIEW
This section is divided into three sub-sections. The first summarizes a review of the existing literature on the definitions and classifications for product, service, and PSS, which has led to a realization that existing PSS classifications are not complete or directly useful for new PSS development.
The second sub-section shows the need for an holistic approach to new PSS development as a result of a review of literature on process models for new product development (NPD), new service development (NSD) and new PSS development (NPSSD). To explore the contextual factors that are potentially significant for NPSSD, a literature review has also been completed for business ecosystems, actor-network theory, and value-in-use, which is summarized in the third sub-section.
A. Product, Service, and Product-Service System
The economics and marketing communities have provided a number of definitions and classifications for products and services. In fact, some commonly quoted characteristics of products and services have their origins in concepts proposed by Adam Smith and Jean-Baptiste Say in the 18 th century, Nassau Senior in the 19 th century and Joan Robinson in the 20 th century [17, 19, 33] . Since the 1960s, a common perspective adopted by scholars is that products are tangible, and services are intangible, heterogeneous, inseparable, and perishable [55] . Another perspective to separate services from products is that a product is a tradable object [19] , while a service is an act performed [5, 45, 46] to change the state of objects and/or people [20, 32, 46, 51] .
Tangibility has been a useful characteristic for the marketing community, as it allows product classifications such as: durable / nondurable, industrialized / customized, and differentiated / commoditized to be developed and applied [6, 26] . More than 30 service classifications have been proposed since the 1960s [31] . Some examples are: whether the service provision involves a product and who owns the product [23, 45] ; whether the service impacts people or objects [20, 32] ; and whether the impact created by the service is temporary / permanent, reversible / irreversible [20] , or tangible / intangible [32] . With the advancement of digital technology, the use of tangibility as a demarcation of products and services has created confusion. For example, is a digital sound track that one can buy online, which is intangible, a product or service? More recently, Vargo and Lusch have defined a service as "the application of specialized competences (knowledge and skills) through deeds, processes, and performances for the benefit of another entity or the entity itself" [52] . This broad concept is not dissimilar to Levitt's viewpoint that a product is "a tool to solve [customers'] problems" [30, pp. 50] .
As a result, the definition proposed by Hill [19] is considered to be more suitable and is adopted for this research. Hill's proposal is that a product "exists independently of its owner and preserves its identity through time" [19, pp. 437] ; and a service cannot be stocked without losing its identity and requires both producer and consumer, and hence is constrained by time and location [19] .
PSS is a more recently defined terminology. Baines et al. [5] suggest that PSS was first formally defined in 1999 by Goedkoop, van Halen, te Riele and Rommens [16] as "a marketable set of products and services capable of jointly fulfilling a user's need". However, the idea of customers buying bundles of products and services was proposed 30 years earlier by Levitt [6] . The concept of a product-service continuum was also proposed in the 1970s [46] . More recently, [5] added to the definitions that a PSS offers "the opportunity to decouple economic success from material consumption".
In terms of PSS classification schemes, there are three frequently used classifications in the reviewed PSS literature: product-oriented, use-oriented and result-oriented PSS. These were first proposed by Hockerts and Weaver in 2002 [21] , and were later extended to include integration-oriented and service-oriented [38] . From the examples given to illustrate the proposed classification of PSS, it appears that authors such as Goedkoop, van Halen, te Reile and Rommens [16] , Mont [36] and Neely [38] , have built their proposed classification schemes upon the previously discussed condition of 'tangibility' [56] . Moreover, there seems to be a concern with the ownership of the product, which may be of more importance to decisions pertaining to business strategy and business model, rather than for NPSSD at an operational level. Table 1 uses the PSS classifications proposed by Neely in 2009 [38] to illustrate where intangible products may be confused with services, and why the classification scheme is not useful for NPSSD.
B. New Development Process Models
There has been no lack of interest in investigating NPD/NSD since the 1950s. The reports of high NPD failure rates [10] , and that most failures are preventable [7] , drew the attention of business managers and researchers in the 1960s and 1970s. Having a standard process has been suggested to be a remedy. Booz, Allen, and Hamilton proposed a NPD model in the 1960s -in its revised format, the 7-step model [7] is frequently referred to in later studies. If a manufacturer provides service (e.g. a design service) for a product it does not sell, according to this classification scheme, it would be an integration-oriented PSS. This classification only informs the manufacturer that a service is related to a product, but nothing about the requirements of the service. Use-oriented -service delivers through a tangible product; often ownership of tangible product retained
Sharing, pooling, leasing
It is about how the product is being accessed. When the user accesses the product, a service is produced.
The ownership of a product is arguably more of a concern for business modeling, than for NPSSD. At best, it reminds the manufacturer to consider the life-cycle cost of the product. Result-oriented PSSreplaces the product with a service
Voicemail services
Similar to the argument for useoriented PSS, it is about how a replacement product, probably intangible, is being accessed (e.g. accessing a voicemail recording). If the example was "a personal assistant to take messages replaces an answering machine", it would have better fit the definition of "replaces the product with a service". This classification is not much different from user-oriented PSS, apart from the tangibility of the product concerned. It is again arguably more of a concern for business modeling than for NPSSD. It does not inform the manufacturer about the specifications of the new product, nor the new service.
Integration-orientedproducts plus downstream services; ownership of tangible product transferred to customer
Moving from manufacturing into retail and distribution, financial services, consulting services
It is a service, because a provider cannot provide, e.g. a distribution service, without the demand of a customer.
This classification is not much different from product-oriented PSS; apart from the service concern is not for a product that the manufacturer sells.
The vertical integration of a manufacturer impacts the company's business model. However, it does not inform the manufacturer how the service has to be designed. Service-oriented -a coupled product and value added service; ownership of tangible product transferred to customer "Health Usage Monitoring Systems", "Intelligence Vehicle Health Management" It is probably software, which is an intangible product. Software can exist independently with its identity preserved over time.
This classification at best makes the manufacturer aware that it can choose to develop new services such as proactive maintenance. However, it does not inform what are the new service requirements.
The reviewed NPD models mostly consist of development activities and evaluation points where go/kill decisions are made. NSD is often seen as more ad hoc than NPD [11, 45] because of the service characteristics [11] . While some of the proposed NSD models resemble Booz [35] , which tackles the product and service design holistically, including technical details.
C. Contextual Factors
The external environment is an important aspect in the design of a new offering, as it influences the product design and customer experience [9, 18, 35] . The urge for companies to focus on customer value has been promoted through the introduction of the Service-Dominant Logic (S-D logic) by Vargo & Lusch [52] .
The concept of the business ecosystem boundary can help to describe the requirements on the new PSS to be developed. The model in Fig. 1 provides insights into the potential sources of who could impact a company, if the organization can look beyond the extended enterprise boundary to include government, regulatory bodies, and other stakeholders. One of the ten foundational premises (FP9 1 ) of S-D logic has also proposed that all social and economic actors are resource integrators, which implies that the context of value creation is network of networks [53] . This S-D Logic 1 FP 9 referred to the ninth "foundational premise" proposed by Vargo and Lusch in 2008 [53] proposition has some similarities to the actor-network approach in sociology that encourages researchers to look at the social effects of the agents and devices if they want to answer the "how" questions about structure and organization [29] . According to Law [29] , an organization is an achievement, a process, a consequence, and a precarious effect. Applying this rationale to a new PSS, a new PSS can be understood as a precarious effect of human and nonhuman actors [28] that belong to different levels in a business ecosystem. Therefore, the actor-network theory provides a sound theoretical basis to allow the connections among actors to be brought out and examined, through "flattening" levels and putting actors from different levels side by side [28] .
In terms of fulfilling customer needs and experience, customer-focus in service design has been an on-going theme in the field of management [e.g. 27, 40, 49] . However, S-D logic has stimulated discussions on how to deliver value-inuse, and what companies need to provide to assist value cocreation with customers [33] . Within this literature, roles in value creation are clarified: companies can offer values propositions and only customers can specify what value is [52, 53] . Value is also described as "idiosyncratic, experiential, contextual, and meaning laden" [53: pp.7 ]. An outcome-based contract, such as Rolls Royce's 'Power-bythe-hour ® ', has also been proposed to measure value-in-use [39] .
The business ecosystem, actor-network theory, and valuein-use literature has provided insights in potential PSS classification dimensions for NPSSD: potential value that the customer can derive from a new offering, the impact of stakeholders within the business ecosystem, and environmental factors within the business ecosystems that may impact the process of value creation.
IV. THE PSS CHARACTERIZATION APPROACH
The PSS characterization approach is a systematic way to characterize PSS in terms of four parameters. It provides greater clarity for specifying the PSS to-be-developed. The approach is developed on the basis of 11 case studies involving 25 commercial offerings in the healthcare industry. The prerequisite of the approach is clarity of the company's strategy on new products and services. Depending on the level of awareness the company has about the stakeholders of the PSS of interest, the approach may or may not include Step 0 -Stakeholder Identification. With the company's new product and service strategy and a list of potential stakeholders, the company can choose one or more new product / service / PSS ideas that are in the early stage of the development process for characterization. The 'early stage' of the development process refers to the activities that come after the company's strategy formation and before detail and/or technical development begins. Fig. 2 shows the high level PSS characterization approach. • Size of the shapes representing product and service • Position of the shapes representing product and service Potential meanings include relative value to customers, physical interactions between product and service, dependencies between product and service, and relative development cost and effort.
Basic shapes to use in the PSS abstract diagram are (see Fig. 4 ):
• Rectangle to represent the operating environment • Dotted line circle to represent the PSS • Pink and blue (light and dark grey) circles/rings to represent product and elements respectively C.
Step 3: PSS Decomposition PSS decomposition involves progressively building a series of grids during the analysis of the constituent parts of the PSS. This step decomposes the element(s) that potentially provide(s) the ultimate customer value, to infrastructural elements that the PSS is built upon. The decomposition diagram requires the relationships among the identified elements to be identified and exhibited. The element that potentially provides the ultimate customer value may be part of the new PSS to be analyzed, or an existing commercial offering that the company has. The concept and design of PSS decomposition is inspired by quality function deployment (QFD), a technique for developing a solution that translates customer demands into design targets and quality assurance points throughout the production process [1] .
The product and service elements identified in Step 1 are captured on sticky notes. Each product element is captured on a pink note (light grey in Fig. 5 and 6 if printed in black and white). Each service element is captured on a blue sticky note (dark grey in Fig. 5 and 6 if printed in black and white). A red dot is put on each sticky note of a new element to be developed.
As illustrated in Fig. 5 , the first grid (labeled 'Top grid') in a PSS decomposition process contains the elements that intend to provide the ultimate customer value in the top/horizontal row (labeled 'Top level'). When 'Top level' elements are in operation or in use, they interact directly with some other elements. These elements are listed vertically ('Top-1 level'), forming the right-hand side of the top grid. The 'Top-1 level' elements then cascade down to form the top row of the second grid ('Top-1 grid'). The elements that these 'Top-1 level' elements directly interact with are listed vertically to form the right-hand side of the 'Top-1 grid'. Once again (see Fig. 6 ), these vertically listed elements in the 'Top-2 level' are cascaded down to form the top row of the third grid ('Top-2 grid'). In this manner, a series of grids are built until the infrastructural elements of the PSS operating environment are listed horizontally in a row as the 'Last grid'. Infrastructural elements are facilities and operations for which the company can assume existence, or have no business interest in developing. Examples of infrastructural elements are floor and operations of the building that the new products will be used in and/or the new services will take place. Green sticky notes are used for capturing infrastructural elements (appearing as strips on light grey in Fig. 5 and 6 if printed in black and white).
After forming the series of grids, the relationships among the elements within the grids are to be identified. The 'squares' inside each grid in the PSS decomposition are used to denote the relationships between the elements in adjacent levels (inter-level relationships). Elements from the same level can also interact with each other. These are the intralevel relationships, and are captured in the external 'squares' between two adjacent grids (see Fig. 5 and 6 ). Relationships are represented by an 'X' inside the grids or on the outside between two adjacent grids. A relationship means one element directly impacts another element, or is dependent on another element. After all the relationships are identified, the direction of impact for each relationship is determined. If element A impacts on the functionality of element B, then an arrow is placed pointing towards element B. If element A's functionality is dependent on element B, an arrow is placed pointing towards element A. Where element A and B impact each other, then two arrows are placed between them in opposite directions. Fig. 7 illustrates the concept. After the direction(s) of impact is/are identified for each relationship, the relationships between existing and new elements are further highlighted. If a new element impacts an existing element, the relationship arrow in between them is colored black. If a new element is impacted by an existing element, the relationship arrow is striped. The arrows for relationships between two new or two existing elements are left white. Fig. 8 illustrates the concept. 
D. Step 4: PSS Representation
PSS representation involves developing a structureddiagram (see Fig. 9 ) to represent the elements and the relationships identified in the PSS decomposition. The idea is to 'pack' the identified product, service, and infrastructure elements according to the 'levels' they belong to, and have all the inter-level and intra-level relationships within the PSS clearly marked. The height of the diagram is determined by the number of times the highest value-proposition element(s) is/are decomposed before reaching the infrastructural elements. The shape of the diagram is impacted by the number of elements that have multiple relationships with different elements. The width of each element is determined by the number of relationship it has with other elements at its adjacent levels.
The rules for building a PSS representation diagram are: (1) to minimize the width of each element, that is to only extend the width of each element by a unit if it is required by an additional inter-level relationship; and (2) to arrange the elements so that they are as tightly packed as possible.
The outer rim of the PSS representation (shaded area) represents the intended operating environment of the PSS. The dotted line represents the boundary of the PSS and the area within the PSS operating environment. The infrastructural elements are the base of the PSS representation diagram. The colored areas within the dotted line are the product and service elements in the PSS. The contours of the product and service elements give an impression of how these elements relate to each other. Fig. 9 gives an example of a PSS representation diagram.
E. Step 5: PSS Characterization
The PSS characterization step determines the 'value' of the four PSS characteristics: (1) the potential customer perceived value level; (2) the type and degree of connectivity; (3) the connectivity number of the PSS; and (4) the PSS configuration type.
Potential customer perceived value level
The perceived potential customer value level is represented by the height, or the number of levels, of the PSS representation diagram. The infrastructural level in the PSS representation diagram is level 0.
Type and degree of connectivity
To determine the type and degree of connectivity, the numbers of black and striped arrows within a PSS representation are counted. Moreover, the number of arrows going into a product sticky note and the number of arrows going into a service sticky note are counted separately. The degree of connectivity associated with product elements is called physical/data connectivity, because they can be either touching each other physically or intangibly at a data exchange level. The degree of connectivity associated with service elements is called process connectivity, because service involves activities that change the state of people and/or objects [20, 32, 46, 51] . Each type of connectivity can be assessed in terms of three degrees: incorporated, linked, or independent. Table 2 explains how to determine the degree of connectivity. 
Connectivity number
The formula proposed to calculate the connectivity number is:
Connectivity number = 2 x (total number of black arrows) + total number of striped arrows
The argument behind multiplying the number of black arrows by two is that more attention in the design specification is required if the new PSS impacts the existing systems in the operating environment. If there are no black or striped arrows in the PSS representation, it implies no connectivity between the new and existing elements within the intended operating environment is expected, and the connectivity number is zero. If the new PSS heavily impacts or is dependent on the existing systems within the intended operating environment, a very high connectivity number will result. The proposition is that the higher the connectivity number, the more constraints or attention is required for the new development. The connectivity number can hence be viewed as an expression of complexity in the development.
PSS configuration type
Five PSS configuration types (A, B, C, D, E), each divided into two sub-types, are also proposed as one of the PSS characteristics. Fig. 10 shows the ten configuration types and Table 3 highlights their differentiating features. 
A2 Service
The product most likely provides a basic function The product impacts services above and below The product may impact service of the same level A teacher has a chat with her class (lower level service) and got the feedback that they do not understand the concept of the food chain. She then made some animalshaped balloons (product) that she uses in a game (midlevel service) that helps her to teach (higher level service) the concept.
B1 Product
The service causes the "bolt-on" configuration The service is a standalone service or an external operation The service impacts on the product above or interacts with the product at the same level A running shoes retailer that provides gait analysis as a standalone service (service) and also sells specialized insoles (higher level product) for running shoes (lower level product).
B2 Service
The product causes the "bolt-on" configuration The product is a standalone product or an external product The product impacts on the service above or interacts with the service at the same level A running coach who uses a gait analysis software (product) to help her to provide a more in-depth analysis on her client's running technique (service at the same level). She then designs new exercises that aim at improving her client's running technique (higher level service).
C1
Product The product at the top level is an additional offering The product at the top level does not impact service in the middle The product at the lower level is fundamental to the service A golf technique improvement video (product) that is a film of a golf instructor correcting the techniques of different students (service) in holding and swinging the golf clubs (lower level product).
C2
Service The service at the top level is a customer facing service The product in the middle is a production aid to the service on top The service at the lower level is fundamental to the product A golf coach who provides golf technique improvement advice (service), uses some specialized video recording devices (product) to record how her clients stand and swing. These devices are rented (lower level service) from a photography equipment company.
D1 Product
The product elements are using the service mostly as a static input to the product A forum for gamers of a network video game to exchange tips and tactics on improving gaming techniques (service), gives certificates of different levels of expertise (higher level product) based on users' level of contribution.
D2 Service
The service elements need customer involvement in the production The service elements are using the product mostly as a static input to produce the service A network game (lower level product) that allows gamers to customize the game for playing on different devices (high level service) such as computer, tablet, and cellular phone.
E1 Product
The product element(s) are standalone product(s) A recording of a contemporary dance performance that is available online for streaming and/or distributed on DVD.
E2 Service
The service element(s) are standalone service(s) A live contemporary dance performance at a local theatre. 
V. THE SETTING OF THE WORKSHOPS
The PSS characterization approach has been developed and tested in facilitated workshops. Drawing on this experience, a number of requirements for the setting of each workshop have been identified that are considered important for success:
• The workshop participants should be selected for their knowledge and experience, and their current or expected participation in the new PSS development: o One or more participants must have market knowledge and technical development / engineering knowledge. o Other participants can be from functions such as quality assurance, service delivery, manufacturing, or distribution.
• The number of participants should be kept below six for more effective facilitation.
• There should be at least one pre-workshop meeting with the key participant(s) to understand the company and the development team's expectation from the workshop, to agree the duration of the workshop, and for the facilitator to brief the key participant(s) on the purpose and potential outcomes of the workshop.
• The participants may need to do some work before the workshop. Depending on the requirements of the participating company, pre-work can include one or more of the followings: o Clarify, align understanding, or to confirm the company's new product and service strategy o Make a shortlist of the new PSS ideas to be analyzed o Think about what the problem is that the new PSS is intended to solve, and who the customers and customers' customers are for the new PSS o Identify key stakeholders for the new PSS o Read through the guidance notes on the PSS characterization approach • The facilitator should bring all necessary workshop materials to the workshop venue.
• The facilitator should distribute a standard feedback collection form to each participant after the workshop.
• The workshop should be audio-recorded for data analysis purpose.
• Where the participating companies require, non-disclosure agreements should be signed before the workshop. Table 4 provides the background information of the three workshops from which the findings are discussed in the following section. Table 5 describes the new PSS that is analyzed in each workshop and the objectives of the workshops as agreed with the participants. Post-launch, second year in the market A software product that was designed and developed to work with existing products, and has triggered a new configuration service to be developed. The new software product was sold with the configuration service.
The main focus was to characterize the PSS that the newly developed software product belonged to, and to discuss why it was a successful product according to the participant.
Fitness (F)
Initial ideas formed, developer was unsure which one to develop New exercises to be added in small group fitness classes that are delivered in the gym. The exercises are services that require the usage of products (gym equipment) to delivery the services.
To help the participant to focus his development effort on fewer ideas. Customized workshop that teaches public and special needs audience selected psychology theories and the application of these theories to their situations. It is a service that can be delivered with or without the support of products.
To help the participant to improve the design of future workshops of a particular theme. The participant was to select an up-coming workshop of this theme to be analyzed in the PSS characterization approach.
As seen in Table 4 and 5, the three workshops were very different in terms of company background and the product and service content and their dependencies within the PSS. The diversity of these three cases has provided rich data for exploring the implications of the PSS characterization approach on the PSS definition, and the applicability of the approach in different contexts.
VI. FINDINGS AND DISCUSSION
The findings are presented and discussed in two subsections: implications of applying the PSS characterization approach on the PSS definition, and the applicability of the PSS characterization approach in supporting the early stage of the NPSSD process.
A. Implications on PSS Definition
In all three workshops, additional understanding and insight on the new PSS was reported by participating organizations as a result of the PSS characterization workshop. Table 6 summarizes the implications in the PSS definition in terms of five perspectives: customer value, environmental impact, product and service content, strategy for NPSSD, and the process for NPSSD. The source of each implication is indicated in brackets in Table 6 by the short name of the workshop(s) concerned (see Table 5 ). 
Implications
Overall approach
Step 0: Stakeholder identification
Step 1: PSS depiction
Step 2: PSS abstraction
Step 3: PSS decomposition
Step 4: PSS representation
Step 5: PSS characterization
Customer value
What is of higher customer value within the PSS, and where the development focus should be (PC)
Whether the PSS will be successful in customers' eyes as a result of the product or service element (F) 
B. Applicability of the Approach
Apart from exploring the implications of PSS definitions, another aim of testing the PSS characterization approach in the format of facilitated workshops is to determine whether the approach provides a practical and repeatable way of characterizing PSS to support the early stage of the NPSSD process [42] . As explained in Section II, the feasibility, usability, and utility of the approach are assessed. This is summarized in Table 7 , with the source of each finding indicated in brackets by the short name of the workshop(s) concerned (see Table 5 ). 
Assessment criteria
Feasibility
The participants found the instruction notes easy to follow (HIT, F, PC).
Not easy to follow. Made mistakes or constantly needed confirmation on whether the step was done correctly (F, PC).
Participants found the instruction notes easy to follow (HIT, PC), or was able to follow with some more explanation given by the facilitator (F).
Needed the facilitator to clarify the printed instructions and to explain in a stepby-step manner what needed to be done (F, PC).
The participant found the instruction notes easy to follow (HIT). The participant could follow the step when the facilitator was taking the lead to execute the step (F, PC).
The facilitator took the lead to execute this step with the participants providing feedback from time to time (HIT, PC).
The participant found the instruction notes easy to follow (F).
Usability
There was confusion on one of the stakeholder groups, better explanation would be needed (HIT); otherwise no problem was encountered (F, PC).
Needed to draw outside the boundary of the diagram (HIT).
Step flexible enough to handle multiple PSS to be drawn on the same diagram (F). The low connectivity number had confirmed the participant's goal in this PSS development was to have no requirement on existing product, due to low engineering resources available on existing product modification (HIT). It also showed in the configuration type that the PSS has a "static product" with the configuration service being different for every customer (HIT). The high connectivity number had triggered a discussion that encouraged the participant to see the new exercises from the perspective of how it is to link to its operating environment, and what type of product elements it requires (F). The participant did not find the connectivity number useful, but she agreed that the PSS configuration type had correctly shown product as the foundation of the service (PC).
To summarize, in terms of feasibility, only the stakeholder identification step and the PSS abstraction step could possibly be completed without a trained facilitator; the other steps need a trained facilitator. In terms of usability, although the approach has found to be in need of further refinement, it is robust enough to be applied in different scenarios.
VII. CONCLUSION
This paper has presented a PSS characterization approach that was developed on the basis of 11 case studies involving 25 new products, services, and PSSs in the healthcare industry. Four characteristics have been proposed to usefully characterize PSS for the early stage of NPSSD: (1) the perceived potential customer value level, (2) the type and degree of connectivity, (3) the connectivity number, and (4) the PSS configuration type. This way of PSS characterization potentially contributes positively to PSS understanding in the marketing and innovation management communities.
The proposed PSS characterization approach allows the four PSS characteristics to be obtained in a systematic and repeatable manner. The feasibility, usability, and utility of the approach as an instrument to support the early stage of the NPSSD are discussed in this paper. This approach contributes to the process model discussions in NPD, NSD, and NPSSD, and also to the study of innovation using an actor-network approach.
Initial implications of the PSS characterization approach are also reported in this paper. The implications are grouped into five perspectives: customer value, environmental impact, product and service content, strategy for NPSSD, process for NPSSD. In summary, the overall approach is found to be capable of informing the company's NPSSD strategy in terms of the complexity of each potential new PSS idea, and where to focus in the NPSSD process. The participants in the workshops have found the approach helpful in elucidating and visualizing which part of the PSS is of higher potential customer value. The participants have also realized how the new PSS will interact with the operating environment, including the key stakeholders in the environment. The approach has also enabled the participants to detect whether there is a particular product or service element that is a key building block of the PSS.
VIII. LIMITATIONS
The PSS characteristics proposed in this paper are generated from healthcare cases, and may be limited to NPSSD in the healthcare industry only. Moreover, the assessment of the PSS characterization approach and its implications of PSS definition presented are limited by the fact that only three workshop results are included in this paper. Furthermore, as action research is used as the methodology to test the approach, the feasibility of the approach is influenced by the facilitation skills of the researcher who performed the facilitation. The interpretation of the workshop findings is biased by the researcher's culture, background, and knowledge of the PSS in discussion.
As the next step of this research, more workshops targeting new PSS ideas in both healthcare and nonhealthcare industries are to be performed to further test and refine the approach, and to explore the implications of the approach for PSS definition. To minimize the influence of the facilitator on the application of the approach, other trained facilitators can be used in the future. An independent observer will also be introduced in future workshops to enrich the assessment of the approach.
